Abstract. Outpatient medical surveillance of U.S. troops was conducted during 11 different overseas missions between 1981 and 1990. In addition, at the end of each of 18 overseas missions during the same period, a sample of troops was queried regarding illnesses and exposures experienced in the preceding time overseas. Diarrhea was among the leading causes of morbidity during all of these short-term missions. Diarrhea incidence rates were found to be highest during summer months, and were higher during missions to Thailand (median ϭ 25%, range ϭ 20-29%), Latin America (median ϭ 26%, range ϭ 1-43%), and northeastern Africa and southwest Asia (median ϭ 19%, range ϭ Ͻ 1-52%). Rates were lowest in troops deployed to the Republic of South Korea (median ϭ 16%, range ϭ 8-27%). During April and May 1990, a focused surveillance and questionnaire study was conducted during a fiveweek, joint U.S.-Thai military training exercise in central Thailand. Among 2,600 U.S. personnel, diarrheal illness was found to be the most common medical problem for troops (estimated cumulative incidence ϭ 29%). Travel outside of the base of operations and consumption of ice were found to be important risk factors. The 10-year database analyzed for this report is the largest, published summary showing the significant impact of diarrheal diseases on U.S. military forces during short-term deployments to less developed areas.
Diarrhea is the most common illness affecting international travelers. 1 Annually, 250 million travelers are afflicted by this ailment while they are traveling and many others develop it upon returning home. 2 The incidence of travelers' diarrhea varies according to type of travel and geographic location, being as high as 35-50% per month of travel incountry for travelers to developing countries in Africa, Asia, and Latin America. [3] [4] [5] [6] Attack rates among United States military personnel and Peace Corps volunteers visiting Southeast Asia have ranged between 21% and 62% in recent years. 1, 7, 8 United States troops deployed to the Persian Gulf and Thailand regions in the past have experienced monthly diarrhea rates of 7-60%, [9] [10] [11] [12] [13] and diarrhea has been a major cause of morbidity and hospitalization of military personnel during recent major deployments to Saudi Arabia and Somalia. 11, 12 Military populations appear to be particularly vulnerable to travelers' diarrhea, most frequently characterized by watery stools, cramps, and nausea. The attack rates and modes of transmission reflect troops' consumption of locally procured foods, such as fruits, raw vegetables, poorly-cooked meat products, nonpotable water, or ice. 16, 17 We present the results of an epidemiologic study conducted to evaluate the incidence and risk factors for diarrheal disease among U.S. troops conducting overseas operations and training exercises during the 1980s. Results of etiology and laboratory studies from the most recent of these exercises have been published previously. 10 
MATERIALS AND METHODS
Medical surveillance system. During each of 11 different U.S. overseas military operations or exercises between 1981 and 1990, one or more epidemiologists from the Walter Reed Army Institute of Research (WRAIR) implemented and oversaw the collection of outpatient surveillance data at medical clinics serving the deployed troops. This consisted of categorizing every patient encounter into one of 10-15 illness or injury diagnostic categories. Conditions did not have to meet strict criteria or await definitive diagnosis to be classified; thus, clinical syndromes were usually the basis for categorization. Weekly denominator data were obtained from the personnel section of the headquarters for the deployed forces. Informed consent and human use approval (ethical/IRB) were not required for medical surveillance and administration of questionnaires to United States troops during these exercises/operations. This activity was performed as part of routine, preventive medicine assessments for each area. As it relates to the data required herein, there were no requirements for human use clearance.
Questionnaires. At the conclusion of each of 18 different U.S. overseas military deployments during the same decade (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) ), a questionnaire was administered to a convenience sample of the deployed troops, eliciting information on symptoms experienced during the period overseas and recalled exposures, such as insect bites and foods eaten, that might be considered relevant to that particular region and season. Eight of these 18 missions were also among the 11 for which medical surveillance was conducted as described above.
Focused study in Thailand. The last of the deployments for which data were collected in the decade under study was a five-week, joint U.S.-Thai military exercise in central Thailand (Chonburi, Samaesan areas) conducted from April 28 to June 2, 1990 . The best case ascertainment (active daily surveillance) and most detailed questionnaire were applied in this particular deployment. Approximately 2,600 U.S. soldiers, sailors, and marines stationed at two principal bases were monitored daily to determine major causes of illness. Members of a five-person team from WRAIR manned each of two military clinics and one field hospital serving this population on a 24-hr basis, seven days a week. All patient visits, including hospitalizations, were classified into one of 13 categories, including one for gastrointestinal illnesses, in- cluding diarrhea. Follow-up visits by the same individual for the same condition were excluded, but subsequent illnesses or injuries in the same individual were reported as new visits. An episode of diarrhea was identified as new if the patient had been symptom-free for at least three days. For the 1990 Thailand surveillance, diarrhea was defined as three or more liquid bowel movements in a 24-hr period, or two such bowel movements accompanied by cramps, nausea, or vomiting. 10 Self-reported diarrhea occurrence (including number of episodes and duration) and exposure to risk factors for diarrheal illness (particular sources of food and beverages) were assessed in the questionnaire, which was administered at the end of the five-week exercise to a sample of deployed personnel immediately prior to their return to the United States. The questionnaire also elicited demographic data (age, sex, race, military rank). The sample was non-random (military unit cluster), drawn from the principal, deployed units. The units selected were representative of the entire deployed force with respect to location, field conditions, food and beverage sources, and time permitted for recreational visits to local cities.
Data analysis. Study data were entered into a personal computer using Microsoft (Redmond, WA) Excel version 4.0 software, and were verified against hard copy files prior to analysis. Proportional morbidity ratios (PMRs) for diarrheal illness were computed as the percent of all clinic visits attributable to diarrhea. The attack rate of diarrhea was calculated for each week of deployment using the surveillance data, and was estimated separately from self-reported symptoms on the questionnaires. The percent of all reported diarrheal illnesses for which medical care was sought, based on questionnaire responses, was calculated as a measure of relative severity.
Bivariate statistical analyses were performed using the chi-square test for 2 ϫ 2 contingency tables. Crude odds ratios (ORs) were calculated to examine the association of diarrhea with possible risk factors (EpiInfo version 6.0 software; USD, Stone Mountain, GA). 18 Stepwise logistic regression was performed using a forward selection process to evaluate the association between risk factors and diarrhea after controlling for possible confounding factors such as age, sex, race, and military rank. Risks were approximated by determining adjusted ORs and associated 95% confidence limits. 19 Table 1 summarizes the PMRs of diarrhea for each of the 11 deployments for which surveillance data were available. Between 2% and 11% of all clinic visits in Thailand were attributable to diarrhea. Diarrhea PMRs were higher among troops deployed to northeastern Africa and southwest Asia (8-50%), and lowest among those deployed to the Republic of South Korea (2%). Higher diarrhea PMRs were observed for deployments during summer months of the year compared with other seasons.
RESULTS

Medical surveillance system.
Questionnaires. Diarrhea attack rates (ARs), as reported in end-of-mission questionnaires, were compared among different geographic destinations, years of deployment, and seasons of deployment (Table 2 ). Diarrhea ARs in Thailand (mean ϭ 25%, median ϭ 25%, range ϭ 20 -29%), Latin America (mean ϭ 20%, median ϭ 26%, range ϭ 1-43%), and northeastern Africa and southwest Asia (mean ϭ 17%, median ϭ 19%, range ϭ Ͻ 1-52%) were somewhat higher than for similar troops deployed to the Republic of South Korea (mean ϭ 18%, median ϭ 16%, range ϭ 8-27%). The diarrhea ARs in northeastern Africa, southwest Asia, and Latin America varied considerably by mission and time of deployment. Higher diarrhea ARs were observed during the summer months (March-August) in northeastern Africa and southwest Asia (mean ϭ 33%, median ϭ 40%, range ϭ 21-52%) than during the cooler months of the year (mean ϭ 6%, median ϭ 7%, range ϭ Ͻ 1-19%).
Focused study in Thailand. During the military deployment in Thailand in 1990, complete data were collected from all three clinic sites for 33 of the 36 days of the exercise (April 28 through May 30). The total number of patient visits was 1,299 among 2,600 deployed troops. A breakdown of these by diagnostic category is shown in Table 3 . Gastro- intestinal illnesses were the most common diagnostic category recorded at military clinics during this deployment, accounting for 249 (19%) of all patient visits recorded. Of the gastrointestinal illnesses, 169 (68%) were classified as diarrhea. The weekly incidence of diarrheal illness peaked at 2.1% during the third week in Thailand (Figure 1 ). The average AR for the five-week deployment was 1.5% per week. Twenty (12%) of the diarrhea cases seen had to be hospitalized or put on bed rest (quarters). Detailed clinical and laboratory data (collected on 142 of the 169 diarrhea cases) have been reported elsewhere. 10 A total of 504 (20%) of the 2,600 troops deployed to Thailand in 1990 completed the questionnaire. A total of 148 (29%) of the 504 survey respondents reported diarrhea; 81 (55%) had two or more separate episodes and 24% (i.e., 35 cases) reported to sick call for treatment. Thus, it was estimated that 7% of the total surveyed population had one or more significant diarrheal illness episodes requiring medical treatment. Eleven (7%) of the 148 cases reported blood in their stools. Thirty-six (24%) of cases lasted for three days or longer. There were no differences between cases and noncases with respect to age, sex, race, military rank, military occupational specialty, or prior history of travel overseas.
Based on the questionnaire survey data alone the cumulative, five-week diarrhea AR was 29%. This agrees with the cumulative diarrhea AR that is estimated by applying the surveillance data to the questionnaire finding that only onequarter of cases report for treatment. The latter approach delivers a weekly diarrhea AR of approximately 6%, and thus a five-week cumulative rate of approximately 30%.
Analysis of potential risk factors revealed that diarrhea was significantly associated with 1) visiting Phattaya (a resort area), and 2) consuming ice (Table 4) . Several other risk factors were found to increase the risk of diarrhea (i.e., eating chicken, seafood, pork, beef, and fruit products prepared by local vendors), but the adjusted OR confidence intervals for these did not exclude number 1. No association was FIGURE 1. Diarrhea attack rates (ARs) in U.S. troops deployed to Thailand, April-May 1990. LOD ϭ loss of duty due to hospitalization or quarters; AR ϭ attack rate per 100 troops being served by the clinics; gray bars ϭ number of diarrhea cases seen at the military medical treatment facilities each week; black bars ϭ number of diarrhea cases hospitalized or placed on quarters. * OR ϭ odds ratio; Adj OR ϭ adjusted odds ratio, adjusted for differences in age, sex, race, military rank, and prior travel history using multivariate logistic regression; 95% CI ϭ 95% confidence interval on the adjusted odds ratios.
† P ϭ 0.01. ‡ P ϭ 0.001. § P ϭ 0.04.
found to occur for other sites visited, other food items consumed, or for drinking milk or other beverages. Logistic regression analysis, which included age, sex, race, military rank, and all potential risk factors in the model, confirmed that visiting Phattaya and consuming ice were strongly associated with a history of diarrheal illness (Table 4) .
DISCUSSION
This 10-year review of WRAIR medical surveillance data clearly documents that gastrointestinal illness is the most common medical problem of military personnel on shortterm deployment (a few weeks) to areas of the developing world. Our findings, derived from 19 different deployments encompassing four areas of the world, constitute the largest summary of diarrheal disease attack rates among U.S. troops overseas, and expand on the results of independent military studies published over the last 20 years. 8-17, 20, 21 We have also presented a summary of PMRs obtained from hospital-and clinic-based medical surveillance data collected for 11 separate military deployments. The PMR estimates permit a quick analysis of disease occurrence and work well when the size and composition of the population under surveillance change frequently and unpredictably, as might occur during military conflicts, disasters, or refugee relief operations. 22 Such estimates are an alternative to the analysis of incidence rates during or immediately after military deployments in cases where the denominator population data are unavailable or unreliable, or where the population at-risk cannot be evaluated by means of cross-sectional surveys or prospective studies like the one conducted in Thailand in 1990. As a ratio of proportions, however, the PMR must be interpreted with caution. For example, an increase in the number of injuries, which are known to be very common during short-term military deployments, could drive down the PMR estimates for other conditions such as diarrhea. When possible, denominator-based (incidence or prevalence) data, should be used as the standard for assessing risk.
The diarrhea attack rates of 20-29% documented among troops in Thailand for 4-5 weeks closely approximate the high rates (39-57%) reported by other investigators in American Peace Corps volunteers during a six-week visit to Thailand. 4, 23 In contrast, the rates among troops deployed to Latin America (1-43%), mostly Honduras and Panama, are somewhat lower than those reported for American adult tourists and students visiting Mexico and Honduras (21-100%). 24, 25 While some of the variance among studies is likely to result from differences in methodology, lower diarrhea rates among military personnel compared with civilians reflect the relatively limited exposure of troops to contaminated food and water. Generally, military personnel are only exposed to noninspected foods and beverages when they are given liberty to visit local establishments outside of U.S. encampments. In the case of the jungle warfare training center in Panama, and the Soto Cano Air Base in Honduras, for example, leave time is severely limited and troop access to locally prepared food and drinks is probably less than for the average civilian traveler in Latin America.
This study revealed seasonal and geographic differences in diarrhea attack rates, with the highest incidences occurring during summer months. Seasonal differences were most pronounced for deployments to northeastern Africa and southwest Asia, and less so for Latin America. The observed seasonal variation is consistent with the epidemiology of diseases transmitted by the fecal-oral route. From highest to lowest, diarrhea attack rates varied among the destinations of Thailand, Latin America, northeastern Africa and southwest Asia, and the Republic of South Korea. This variation may have as much to do with differences in the nature of respective missions and specific locations as with regional differences in the epidemiology of infectious diarrhea.
The upward trend in incidence of diarrheal illnesses seen during the first three weeks of the 1990 study in Thailand (Figure 1 ) probably reflects the episodic, intensive exposures of individuals, especially during weekends when many were allowed to leave the training posts and visit Bangkok, Phattaya, and other cities. The estimated incidence rate of 1.5% per week derived from medical surveillance reports at military clinics underrepresents the incidence of self-reported disease by a factor of four. Underuse of care for common outpatient problems is typical among military personnel undergoing field training, who often minimize clinic visits to avoid missing valuable training opportunities or disrupting unit cohesion. The lowest rates occurred at the beginning and end of deployment, which reflects the limited transportation available to troops during the set-up of camps and the active conduct of field operations, respectively. Any necessary medical care during these times is often delivered in the absence of a constructed clinic, tent, or other designated site, and is thus not carefully logged.
Analysis of questionnaire data identified local travel to a resort city and exposure to ice as risk factors for diarrhea in Thailand. It supports the conventional assumption in travel medicine that ice is an important vehicle for transmission of enteric pathogens. Aside from the ice sources known to be available to the troops in local restaurants, there was also an ice machine with nonpotable ice at the main training post dining facility. Numerous troops ignored a warning sign that had been placed on this machine.
The provision of safe and nutritious food to personnel, and the ability to produce potable water on a large scale by reverse osmosis, are measures designed to ensure that gastrointestinal illnesses do not have an adverse impact on the conduct of international military operations. Nevertheless, diarrheal illness continues to be the leading acute, clinical syndrome affecting military personnel when they are away from their home bases. It is highly unlikely, therefore, that lapses in camp sanitation, in local food acquisition and inspection, and in the maintenance of transportable water purification equipment have played a significant role because such deficiencies have been relatively rare during the last two decades of U.S. military experience. Troop access to less developed local economies, on the other hand, is a strong and not easily avoidable risk factor.
Early treatment with antimicrobial and antimotility drugs has been shown to lessen the severity and duration of diarrhea, 9, 10, 26 but the practicality of self-administered medication diminishes when personnel move into fast-paced field operations. Prophylactic antimicrobial regimens are not feasible for most civilian travelers, 2 and the risks versus benefits of such an approach among deployed military personnel have not been clearly demonstrated. Vaccines against specific etiologic agents are undergoing clinical trials and may become available in the near future, but each of these can only alleviate one specific type of diarrhea among a consistently wide spectrum of possible agents. Since troop effectiveness remains a key priority for military commanders, it is important that personnel be provided with basic education regarding the prudent selection of foods, beverages, and ice to avoid risk of diarrheal illness.
